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ABSTRACT: 

PURPOSE: To detect remains shell automatically in a shucked 
shellfish being 

dipped by projecting an X-ray on the shucked shellfish 
which is being conveyed 

in a flow passage by its plug flow and detecting a shell 
piece according to an 

electric signal obtained by converting the X-ray 

transmitted light from the 

shucked shellfish photoelectrically . 

CONSTITUTION: The title device is provided with an X-ray 
tube 2 which generates 
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a soft X-ray, a shield room 4 which seals the tube 2 
electromagnetically, a 

transportation tube 6 for conveying a short-necked clam, 
etc., to be inspected 

by the plug flow, an X-ray sensor 8 which photodetects the 
X-ray transmitted 

light from the shucked short-necked clam, and a detection 
part 10 which detects 

remains shell according to the detected light. Then the 
shucked short-necked 

claw is conveyed to right below the tube 2 and irradiated 
with the soft X-ray, 

which is photodetected by the sensor 8; and the 
photodetected light is 

converted photoelectrically by the contact type image of 
the detection part 10. 

Further, a control part 10 processes the electric signal 
from a signal 

processing part into a specific signal, which is outputted 
as a detection 

signal to the detection part 10; when the detection signal 
indicates the 

remains shell, the shunt plate 15A of a discharging 
mechanism 15 is inverted 

and the shell, etc., are discharged from a water tank 16. 
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SPECIFICATION 



/r 



I. Title of the Invention 

Detecting Device for Shell Remains in Shucked Shellfish 

II. Claims 

1. A detecting device for remains shell in a shucked 
shellfish 

which detects remaining shell pieces in a prepared shucked 
shellfish in a state of dipping said shucked shellfish in its 
stock or added water is characterized by having 

a carrying means provided with a flow passage which continuously 
carries the said shucked shellfish with its stock or added water 
by a plug flow, 

a flow passage switching means which shunts the flow passage of 
said carrying means into a first flow passage for allowing the 
shucked shellfish with remains shell and its stock or added water 
to flow and a second flow passage for allowing the shucked 
shellfish without remains shell and its stock or added water to 
flow, 

an X-ray irradiating means which generates an X-ray and 
irradiates the X-ray on the shucked shellfish in carrying by 



1 Numbers in the margin indicate pagination in the foreign text. 
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said carrying means, 

a photosensitive means which has an X-ray fluorescent plate for 
sensitization to the X-ray to emit a light and receives an X-ray 
transmitted light of said shucked shellfish based on the X-ray 
irradiation of said X-ray irradiation means by said X-ray 
fluorescent plate, 

a photoelectric converting means which photoelectrically converts 
the light emission of X-ray fluorescent plate of said sensitizing 
means to an electric signal, 

a signal processing means which outputs a predetermined detection 
signal based on the electric signal from said photoelectric 
converting means, and 

a control means which intakes the detection signal from said 
signal processing means and controls the said flow passage 
switching means so that the shucked shellfish in the vicinity of 
shell pieces and its stock or added water flow in the first flow 
passage when the said detection signal indicates shell pieces and 
the shucked shellfish and its stock or added water flow in the 
second flow passage when the said detection signal does not 
indicate shell pieces. 

III. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a detecting device for remains 
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shell in a shucked shellfish, and particularly to a detecting 
device for remains shell in a shucked shellfish which detects 
the shell pieces remaining in the shucked shellfish in a state of 
dipping the shell pieces in its stock or added water. 
[Prior Art] 

Usually, the detection of remains shell in a shucked 
shellfish 

/2 

is performed in such a way that a shellfish is boiled and then 
shucked, after a stock is separated, put into a water tank to 
separate a coarse remains shell, then small remains shell is 
separated and removed on a mesh type conveyer by visual 
inspection . 

A prior detection method of remains shell in a shucked 
shellfish (e. g., a short-necked clam) by visual inspection will 
be illustrated while seeing Fig. 3. As shown in Fig. 3, the 
short-necked clam after boiling is put and carried sequentially 
into water tanks 40, 40 - formed stepwise and, after a coarse 
shell is separated, delivered by mesh belt conveyers 42, 42. On 
the belt conveyers 42, remains shell in the shucked short-necked 
clam is detected by visual inspection of an inspector and then 
metal foreign matters are automatically detected by a search coil 
type metal detector 44 in the next process step. 

For such a detection of remains shell in the shucked short- 
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necked clam by visual inspection, however, it is feared that the 
visual confirmation of remains shell cannot be made in a stuck or 
wound state in a shucked shellfish or the overlook due to fatigue 
of inspector or a discharge mistake occurs. Moreover, the shucked 
short-necked clam is exposed to air on the mesh belt conveyer, 
there is a problem that its taste deteriorates. Accordingly, for 
such remains shell detection modes in the shucked short-necked 
clam by visual inspection, a mode of automatic detection by an 
equipment, an ultrasonic inspection mode, an electromagnetic 
inspection mode and a soft X-ray inspection mode are given as its 
typical modes. 

[Problems to Be Solved by the Invention] 

However, various problems exist in devices applied with such 
an automatic inspection modes. In a device of the ultrasonic 
inspection mode, there is an inconvenience that the shucked 
short-necked clam and the remains shell cannot be easily 
differentiated. In the electromagnetic inspection mode, the 
inspection of foreign matters other than metals is difficult, the 
detection accuracy of non-magnetic metals and the S/N are also 
bad, therefore it becomes difficult to apply the modes to such a 
detecting device for remains shell of shucked short-necked clam. 

Because various foreign matters can be recognized by the 
soft X-ray detection mode, it gives great results in foreign 
matter detection of food other than shellfish, but when it is 
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applied to the remains shell detection of shellfish such as 
short-necked clam, etc., the X-ray absorption difference between 
the remains shell and the shucked shellfish is not so big, 
therefore signal processing of said remains shell detection 
becomes difficult. Moreover, there is no effective method for 
separating the remains shell and the shucked short-necked clam as 
well as its stock or added water, therefore the detecting device 
for remains shell of shucked shellfish using the soft X-ray 
detection mode has not been automated so far. 

This invention was made in view of such a circumstance and 
is aimed at providing a detecting device for remains shell of a 
shucked shellfish which enables to automatically detect the 
remains shell in the shucked shellfish while dipping in its stock 
or added water. 

[Means for Solving the Problems] 

To achieve said purpose, this invention is characterized by 
that in a detecting device for remains shell in a shucked 
shellfish which detects shell pieces remaining in a prepared 
shucked shellfish in a state of dipping said shucked shellfish in 
its stock or added water, the said detecting device has a 
carrying means provided with a flow passage which continuously 
carries a shucked shellfish with its stock or added water by a 
plug flow, a flow passage switching means which shunts the flow 
passage of said carrying means into a first flow passage for 
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allowing the shucked shellfish with remains shell and its stock 
or added water to flow and a second flow passage for allowing the 
shucked shellfish without remains shell and its stock or added 
water to flow, an X-ray irradiating means which generates an X- 
ray and irradiates the X-ray on the shucked shellfish in carrying 
by said carrying means, a photosensitive means which has an X-ray 
fluorescent plate for sensitization to the X-ray to emit a light 
and receives an X-ray transmitted light of said shucked shellfish 
based on the X-ray irradiation of said X-ray irradiation means by 
said X-ray fluorescent plate, a photoelectric converting means 
which photoelectrically converts the light emission of X-ray 
fluorescent plate of said sensitizing means to an electric 
signal, 

a signal processing means which outputs a predetermined detection 
signal based on the electric signal from said photoelectric 
converting means, and a control means which intakes the detection 
signal from said signal processing means and controls the said 
flow passage switching means so that the shucked shellfish in the 
vicinity of said shell pieces and its stock or added water flow 
in the first flow passage when the said detection signal 
indicates shell pieces and the shucked shellfish and its stock or 
added water flow in the second flow passage when the said 
detection signal does not indicate shell pieces. 
[Functions] 
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In the detecting device of remains shell in a shucked 
shellfish relating to this invention, the prepared shucked 
shellfish and its stock or added water are continuously carried 
by a plug flow in the flow passage of the carrying means, and 
this flow passage is shunted into the first flow passage and the 
second flow passage where the shucked shellfish with or without 
remaining shell pieces and its stock or added water are allowed 
to flow by the flow passage switching means. 
/3 

The X-ray from the X-ray irradiating means is irradiated on 
the shucked shellfish which is being carrying, and the X-ray 
transmitted light of said shucked shellfish is received by the X- 
ray fluorescent plate of said photosensitizing means. A light 
generated from the fluorescent plate associated with the 
reception is photoelectrically converted by the photoelectric 
converting means, and the signal processing means outputs a 
predetermined detection signal based on the electric signal from 
this photoelectric converting means. The control means intakes 
the detection signal from the signal processing means to control 
the flow passage switching means so that the shucked shellfish 
with remaining shell pieces and its stock or added water flow in 
the first flow passage when this detection signal indicates the 
shell pieces and the shucked shellfish without remaining shell 
pieces and its stock or added water flow in the second flow 
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passage when this detection signal indicates no shell pieces. 

This enables to automatically detect the remains shell from 
the shucked shellfish while dipping in its stock or added water 
and also does not lose the taste because the shucked shellfish is 
not directly brought into contact with air. 

[Actual Example] 

A preferable actual example of the detecting device for 
remains shell in the shucked shellfish relating to this invention 
will be illustrated in detail according to drawings below. 

The whole constitution of said detecting device for remains 
shell in the shucked shellfish relating to this invention is 
shown in Fig. 1 and Fig. 2. Moreover, Fig. 1 shows the top view 
of device, and Fig. 2 shows the side view of device, 
respectively. 

A soft X-ray detection mode is adopted in the detecting 
device for remains shell in the shucked shellfish shown in Fig. 1 
and Fig. 2 where the device comprises an X-ray tube 2 which 
generates a soft X-ray, a closely sealed drum 4 which contains 
and electromagnetically closes this X-ray tube 2, a short 
pipeline type conveying tube (abbreviated as "conveying tube" 
hereafter) 6 for performing a plug flow carrying of short-necked 
clam being object to be inspected and its stock or added water, 
an X-ray sensor 8 which receives an X-ray transmitted light 
(image) of said shucked short-necked clam, a detection part 10 
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which detects remains shell based on light reception of said X- 
ray sensor 8, a wholly-shielding box 12 which prevents the soft 
X-ray from diffusion to the outside, a discharge part 14 which 
selects and discharges the remains shell of said shucked short- 
necked clam and the short-necked clam with remains shell based on 
the detection signal from the detection part 10, a water tank 16 
which receives the remains shell and the short-necked clam with 
remains shell (including its stock or added water) from the 
discharge part 14, and a water tank 18 which receives the shucked 
short-necked clam and its stock or added water from the discharge 
part 14. 

Moreover, non-illustrated a power supply, a control box, a 
rotary pump which performs the carrying of said shucked short- 
necked clam, a tank charged with the shucked short-necked clam in 
a non-irradiating part of soft X-ray and a closely sealed drum 
receiving it are provided in this device. Furthermore, multiple 
non-illustrated lead rubber X-ray shielding screens which 
prevents the soft X-ray from diffusion to the outside are 
disposed in the opening 12A, 12B of said wholly-shielding box 12 
through which the conveying belt 6 passes. 

The conveying tube 6 is so formed as to become the inner 
diameter (height) 15 mm, bottom side length 30 mm and inclination 
angle of oblique line 30°, respectively. A material of low X-ray 
absorptivity is used for the conveying tube 6. In the carrying 
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system constructed by such a conveying tube 6, a soft X-ray is 
irradiated on said shucked short-necked clam being a work while 
intermittently carrying and performing the plug flow of said 
shucked short-necked clam in synchronism with one period (20 ms) 
of the transmission frequency of said X-ray tube 2. 

An X-ray fluorescent plate formed with a rare-earth 
fluorophore is used in the X-ray sensor 8, and a high voltage of 
DC 350 V is applied to both faces of the fluorophore via 
electrodes. This X-ray fluorescent plate 8 has a characteristic 
which can display an X-ray image by electroluminescence at a low 
X-ray intensity (e. g., 80 kV, 5 mA) , high sensitivity and high 
brightness. Moreover, the X-ray fluorescent plate 8 coaxes the 
periodical fluctuation of soft X-ray, offsets an influence of 
shadow of said pipeline 6 caused by the radiation angle of said 
soft X-ray and receives an X-ray transmitted light to make this 
fluorophore emit a light. 

The detection part 10 comprises a photoelectric converting 
element, a signal processing part which detects the remains shell 
based on the electric signal from the photoelectric converting 
element and a control part which controls the discharge part 14 
based on a detection signal from the signal processing part. 

For example, a contact type image sensor (80 image elements, 
500 urn angle/image element) is used as the photoelectric 
converting element. The contact type image sensor integrally 
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accumulates the X-ray transmitted light to improve the S/N and 
coax the periodical fluctuation of said soft X-ray in synchronism 
with one period of transmission frequency of said X-ray tube 2. 
Moreover, the contact type image sensor converts this integral 
value to a predetermined electric signal (saturation level 2V) 
and outputs it to the signal processing part. 

/! 

The signal processing part converts this electric signal to 
a continuous signal by sample-and-hold processing. Then, remains 
shell in the shucked short-necked clam can be detected by 
detecting a peak value of over an assigned gain (e. g., 100 mV) 
in the continuous signal. Moreover, the remains shell in the 
shucked short-necked clam can be automatically detected at about 
20 ms/line in this actual example. The signal processing part 
outputs a detection signal to the control part with the detection 
of shell pieces remaining in the shucked short-necked clam. The 
control part receives this detection signal and outputs a 
discharge signal which instructs the discharge of said remains 
shell to the discharge part 14. 

The discharge part 14 separates the nearby shucked short- 
necked clam with detected remains shell in the conveying tube 6 
and its stock or added water and discharges them from the system 
simply and at a high speed based on the discharge signal from the 
control part. This discharge part 14 has a flow passage switching 
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mechanism which is driven by a discharge mechanism conceptually 
shown by a two-chain line 15 and switches the flow passage by 
automatic two-way plate mode. The discharge mechanism is 
controlled by a non-illustrated driving part that operates based 
on the discharge signal from the control part. Moreover, a shunt 
plate 15A that shunts the flow passage into two ways is provided 
in the flow passage switching mechanism. When remains shell are 
detected, the orientation of this shunt plate 15A is switched to 
a direction opposite to illustrated direction, thereby the shell 
and shucked short-necked clam with remaining shell pieces flow 
down to the water tank 16 side. At this time, when they are 
conveyed and processed in about 3 times of stock or added water 
to the shucked short-necked clam, the flow passage switching time 
by said automatic two-way plate mode is finished with about 200 
ms, or the remains shell is discharged at a very small discharge 
quantity of about 5 g per discharge. 

The outer diameter dimensions of said device body are about 
width 550 mm x height 800 mm x depth 5,500 mm, and the total 
weight is about 100 kg. 

Subsequently, operations of the detecting device of remains 
shell in a shucked shellfish constructed as described above will 
be described. 

A prepared shucked short-necked clam put into a tank is 
moved into the conveying tube 6 by the rotary pump and then 
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conveyed intermittently by a plug flow. The shucked short-necked 
clam is conveyed right below the X-ray tube and a soft X-ray is 
irradiated in synchronism with the period of said intermittent 
conveying, and the X-ray transmitted light of said shucked short- 
necked clam is received by the X-ray fluorescent plate 8. A light 
generated from the fluorescent plane with the light reception of 
said X-ray fluorescent plate 8 is converted photoelectrically by 
the contact type image sensor of said detecting part 10 and an 
electric signal corresponding to the X-ray transmitted light is 
output to the signal processing part. The signal processing part 
processes this electric signal to a predetermined signal and 
outputs a detection signal corresponding to this signal level to 
the control part. When this detection signal indicates remains 
shell, the control part outputs a discharge signal to the driving 
part of said discharge part 14 and controls the shunt plate 15A 
of said discharge mechanism 15 based on the detection signal so 
as to invert it in a direction contrary to the illustrated 
direction. Thereby, shucked short-necked clam with remains shell, 
shell pieces and its stock or added water are discharged to the 
water tank 16 side. 

As described above, in the detecting device for remains 
shell in a shucked shellfish of this actual example, the shucked 
short-necked clam is conveyed intermittently with its stock or 
added water, an electric signal obtained based on the X-ray 
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transmitted light of said shucked short-necked clam is processed 
to automatically detect remains shell in the shucked short-necked 
clam and, when the remains shell are detected, the shucked short- 
necked clam with the detected remains shell and its stock or 
added water are discharged from the system. 

It enables to detect the remain shell in a good accuracy and 
at a high speed without losing the taste of said shucked short- 
necked clam. 

Moreover, as general performances, this device can recognize 
a 1 mm (wrong unit "1 m" in original specification, translator) 
square remains shell and a 0.5 mm-diameter hard ball, thus it can 
recognize foreign matters as fine as one more rank. 

[Effects of the Invention] 

As described above, the detecting device for remains shell 
in a shucked shellfish relating to this invention enables to 
automatically detect remains shell from shucked shellfish while 
it is dipped in its stock or added water because the shucked 
shellfish and its stock or added water are conveyed by a plug 
flow in a flow passage and an X-ray is irradiated, shell pieces 
are detected based on an electric signal obtained by 
photoelectric conversion of an X-ray transmitted light of said 
shucked shellfish and, when the shell pieces are detected, the 
flow passage is switched to discharge the shucked shellfish 
nearby the shell pieces and its stock or added water 
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in the detecting device for detecting shell pieces remaining in 
prepared shucked shellfish in a state of dipping said shucked 
shellfish in its stock of or added water. 



IV. Brief Description of the Drawings 

Fig. 1 is top view showing whole constitution of detecting 
device for remains shell in shucked shellfish relating to this 
invention, Fig. 2 is side view showing whole constitution of 
detecting device for remains shell in shucked shellfish relating 
to this invention, and Fig. 3 is illustrative diagram of 
conventional detection method of remains shell in shucked 
shellfish . 
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FIGURE 1 KEY: 
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FIGURE 2 KEY: 
(from left to right) 
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